Abstract. dyslipidemia is an important risk factor for myocardial infarction (Mi). We previously showed that gene polymorphisms associated with Mi differed among individuals with different lipid profiles. We also showed that rs6929846 of BTN2A1 and rs2569512 of ILF3 were significantly associated with MI in Japanese individuals. in the present study, we examined the relationship between rs6929846 of BTN2A1 or rs2569512 of ILF3 and Mi in individuals with low or high serum concentrations of triglycerides, high density lipoprotein (Hdl) cholesterol, or low density lipoprotein (ldl) cholesterol, respectively. The study population comprised 5513 unrelated Japanese individuals, including 1537 subjects with Mi and 3976 controls. Multivariable logistic regression analyses with adjustment for covariates revealed that rs6929846 of BTN2A1 was significantly associated with Mi in individuals with low (P=3.1x10 ; or=2.18) ldl cholesterol. Similar analyses revealed that rs2569512 of ILF3 was significantly associated with MI in individuals with low (P=0.0066; or=1.47) or high (P=0.0013; or=1.88) triglycerides; in individuals with low (P=0.0059; or=1.96) or high (P=0.0020; or=1.51) Hdl cholesterol; and in individuals with low (P=0.0004, or=1.62) ldl cholesterol, but not in those with high ldl cholesterol. The results suggest that the relationship between rs6929846 of BTN2A1 or rs2569512 of ILF3 and MI is influenced by the serum concentrations of HDL and LDL cholesterol, respectively. Stratification of subjects according to lipid profiles may thus be useful for the personalized prevention of Mi based on genetic information.
Introduction
cardiovascular disease is the leading cause of morbidity and mortality in industrialized countries, and will soon be the leading cause of death in developing countries (1) . disease prevention is an important strategy for reducing the overall burden of coronary heart disease (cHd) and myocardial infarction (MI), and the identification of biomarkers for disease risk is important both for risk prediction and for potential intervention to reduce the possibility of future events.
We previously showed that genetic variants that confer susceptibility to Mi differ among individuals with different lipid profiles (2, 3) . We also showed that the C→T polymorphism (rs6929846) of BTN2A1 and the a→G polymorphism (rs2569512) of ILF3 were significantly associated with MI in Japanese individuals by a genome-wide association study (4) . To further examine whether the association of polymorphisms
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with MI is influenced by lipid profiles, we examined the association between rs6929846 of BTN2A1 or rs2569512 of ILF3 and MI in 5513 Japanese individuals with low or high serum concentrations of triglycerides, high density lipoprotein (Hdl) cholesterol, or low density lipoprotein (ldl) cholesterol, respectively.
Materials and methods
Study population. The study population comprised 5513 unrelated Japanese individuals (3113 males, 2400 females) who either visited the outpatient clinics of or were admitted to participating hospitals (Gifu Prefectural General Medical center, Gifu; Gifu Prefectural Tajimi Hospital, Tajimi; Hirosaki university Hospital and Hirosaki Stroke center, Hirosaki; Japanese Red Cross nagoya First Hospital, nagoya; and Inabe General Hospital, Inabe, Japan) between october 2002 and March 2009 due to various symptoms or for an annual health checkup, or who were recruited to a population-based prospective cohort study of aging and age-related diseases in nakanojo, kusatsu, and Tokyo, Japan. The 1,537 subjects with Mi (1224 males, 313 females) all underwent coronary angiography and left ventriculography. The diagnosis of Mi was based on typical electrocardiographic changes and on increases in both the serum activity of creatine kinase (Mb isozyme) and the serum concentration of troponin T. The diagnosis was confirmed by the presence of a wall motion abnormality by left ventriculography, and by the identification of the responsible stenosis in any of the major coronary arteries or in the left main trunk by coronary angiography. The 3976 control individuals (1889 males, 2087 females) were recruited from individuals who visited outpatient clinics of the participating hospitals for an annual health checkup, or were community-dwelling individuals enrolled in cohort studies. Genotyping of polymorphisms. Venous blood (7 ml) was collected into tubes containing 50 mmol/l ethylenediaminetetraacetic acid (disodium salt), and genomic dna was isolated with a kit (Genomix; Talent, Trieste, italy). Genotypes of single nucleotide polymorphisms (SnPs, rs6929846 and rs2569512) were determined at G&G Science (Fukushima, Japan) by a method that combines polymerase chain reaction (PCR) and sequence-specific oligonucleotide probes with suspension array technology (luminex, austin, TX). Primers, probes, and other Pcr conditions for the genotyping of the two SnPs (4) and detailed genotyping methodology (7) were as described previously.
Statistical analysis. Quantitative data were compared between subjects with Mi and controls by the unpaired Student's t-test. categorical data were compared by the χ 2 test. The genotype distribution of each SnP was compared between subjects with Mi and controls by the χ 2 test. SnPs with a P-value for genotype distribution of <0.05 were further examined by multivariable logistic regression analysis with adjustment for covariates. Multivariable logistic regression analysis was thus performed with Mi as a dependent variable and independent variables including age, sex (0, female; 1, male), body mass index (bMi), smoking status (0, non-smoker; 1, smoker), serum concentrations of triglycerides, Hdl cholesterol, ldl cholesterol or creatinine, history of hypertension or diabetes mellitus (0, no history; 1, positive history), and the genotype of each SnP; P-values, odds ratios (ors), and 95% confidence intervals were calculated. each genotype was assessed according to dominant, recessive, and additive genetic models. additive models included the additive 1 model (heterozygotes versus wild-type homozygotes) and the additive 2 model (variant homozygotes versus wild-type homozygotes), which were analyzed simultaneously with a single statistical model. a P-value of <0.05 was considered statistically significant. Statistical significance was examined by two-sided tests performed with JMP version 6.0 and JMP Genomics version 3.2 software (SaS institute, cary, nc).
Results

Genetic variants related to MI in individuals with low or high serum concentrations of triglycerides.
The characteristics of the subjects with low or high serum concentrations of triglycerides are shown in Table i . For individuals with low serum triglycerides, the frequency of male subjects, serum concentrations of ldl cholesterol and creatinine, as well as the prevalence of smoking, hypertension, and diabetes mellitus were greater, whereas age, bMi, eGFr, and the serum concentration of Hdl cholesterol were lower, in subjects with Mi compared to the controls. For individuals with high serum triglycerides, the frequency of male subjects, serum concentrations of ldl cholesterol and creatinine, and the prevalence of hypertension and diabetes mellitus were greater, whereas age, eGFr, and the serum concentration of Hdl cholesterol were lower, in subjects with Mi compared to the controls. (Table ii) . Multivariable logistic regression analysis with adjustment for age, sex, bMi, smoking status, serum Table i . baseline characteristics of the subjects with myocardial infarction (Mi) and controls among individuals with low or high serum concentrations of triglycerides. concentrations of Hdl cholesterol, ldl cholesterol and creatinine, and the prevalence of hypertension and diabetes mellitus revealed that rs6929846 of BTN2A1 (dominant and additive 1 models) and rs2569512 of ILF3 (dominant and additive 1 and 2 models) were significantly associated with MI in individuals with low serum triglycerides, and that rs6929846 of BTN2A1 (dominant and additive 1 models) and rs2569512 of ILF3 (dominant, recessive, and additive 1 and 2 models) were significantly associated with MI in individuals with high serum triglycerides (Table iii) .
Genetic variants related to MI in individuals with low or high serum concentrations of HDL cholesterol. The characteristics of the subjects with low or high serum concentrations of Hdl cholesterol are shown in Table iV . For individuals with low serum Hdl cholesterol, the frequency of male subjects, serum concentrations of ldl cholesterol and creatinine, and the prevalence of hypertension and diabetes mellitus were greater, whereas age and serum concentrations of triglycerides and Hdl cholesterol were lower, in subjects with Mi compared to the controls. For individuals with high serum Hdl cholesterol, the frequency of male subjects, bMi, serum concentrations of ldl cholesterol and creatinine, and the prevalence of hypertension and diabetes mellitus were greater, whereas age, eGFr, and serum concentrations of triglycerides and Hdl cholesterol were lower, in subjects with Mi compared to the controls. comparison of genotype distributions by the χ 2 test revealed that rs6929846 of BTN2A1 and rs2569512 of ILF3 were significantly associated with MI in individuals with low or high serum concentrations of Hdl cholesterol (Table V) . Multivariable logistic regression analysis with adjustment for age, sex, bMi, smoking status, serum concentrations of triglycerides, ldl cholesterol and creatinine, and the prevalence of hypertension and diabetes mellitus revealed that rs6929846 of BTN2A1 (dominant and additive 1 models) and rs256951 of ILF3 (dominant, recessive, and additive 2 models) were significantly associated with MI in individuals with low serum Hdl cholesterol, and that rs6929846 of BTN2A1 (dominant, recessive, and additive 1 and 2 models) and rs2569512 of ILF3 (dominant and additive 1 and 2 models) were significantly associated with Mi in individuals with high serum Hdl cholesterol (Table Vi) .
Genetic variants related to MI in individuals with low or high serum concentrations of LDL cholesterol.
The characteristics of the subjects with low or high serum concentrations of ldl cholesterol are shown in Table Vii . For individuals with low serum ldl cholesterol, the frequency of male subjects, bMi, serum concentrations of triglycerides, ldl cholesterol and creatinine, as well as the prevalence of hypertension and diabetes mellitus were greater, whereas age, eGFr, and the serum concentration of Hdl cholesterol were lower, in subjects with Mi compared to the controls. For individuals with high serum ldl cholesterol, the frequency of male subjects, bMi, serum concentrations of ldl cholesterol and creatinine, and the prevalence of smoking, hypertension and diabetes mellitus were greater, whereas age and the serum concentration of Hdl cholesterol were lower, in subjects with Mi compared to the controls. ---------------------------------------------------------- were significantly associated with MI in individuals with low serum ldl cholesterol, and that rs6929846 of BTN2A1, but Table iV . baseline characteristics of the subjects with myocardial infarction (Mi) and controls among individuals with low or high serum concentrations of Hdl cholesterol. Quantitative data are the means ± SD. eGFR, estimated glomerular filtration rate. (Table Viii) . Multivariable logistic regression analysis with adjustment for age, sex, bMi, smoking status, serum concentrations of triglycerides, Hdl cholesterol and creatinine, and the prevalence of hypertension and diabetes mellitus revealed that rs6929846 of BTN2A1 (dominant and additive 1 models) and rs2569512 of ILF3 (dominant, recessive, and additive 1 and 2 models) were significantly associated with MI in individuals with low serum ldl cholesterol, and that rs6929846 of BTN2A1 (dominant, recessive, and additive 1 and 2 models) was significantly associated with MI in individuals with high serum ldl cholesterol (Table iX) .
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Discussion
The butyrophilin, subfamily 2, member a1 gene (BTN2A1) is a member of the bTn2 subfamily of genes, which encode proteins belonging to the butyrophilin protein family (entrez Gene, ncbi). We previously showed that the c→T polymorphism (rs6929846) of BTN2A1 and the a→G polymorphism (rs2569512) of ILF3 were significantly associated with MI in Japanese individuals by a genome-wide association study (4) . The T allele of rs6929846 increased the transcription activity of BTN2A1 and the over-expression of BTN2A1 decreased the expression of elastin mrna and increased the mrna expression of matrix metallopeptidase 3 and interleukin 5 in human cell cultures (4). The results of the present study show that the association between rs6929846 of BTN2A1 and MI was influenced by the serum concentration of Hdl cholesterol; the association was more apparent in individuals with high Hdl cholesterol than in those with low Hdl cholesterol, with the T allele representing a risk factor for Mi. The butyrophilin family was originally identified on the basis of its ability to promote the production of milk fat globulesin (8) , and is involved in lipid, fatty acid, and sterol metabolism (entrez Gene, ncbi). Given that the regulation of the serum concentration of Hdl cholesterol may itself have a genetic component (9) , interactions between BTN2A1 and other genes related to Hdl cholesterol metabolism or between BTN2A1 and environmental factors such as diet and exercise may play roles in the development of Mi.
interleukin enhancer binding factor 3, 90 kda (ILF3) is a subunit of the nuclear factor of activated T-cells, a transcription factor required for the expression of interleukin 2 in T-cells (10) . our previous study (4) demonstrated that ILF3 is abundantly accumulated in the necrotic core of the coronary plaque, suggesting that ILF3 may play a role in the development of coronary thrombosis, although the functional relevance of rs2569512 located in intron 7 of ILF3 to the pathogenesis of Mi remains to be elucidated.
The results of the present study show that the relationship between the a→G polymorphism (rs2569512) of ILF3 and Mi was affected by the serum concentration of ldl cholesterol. a significant association was observed in individuals with low ldl cholesterol, with the G allele representing a risk factor for Mi, but not in those with high ldl cholesterol. Given that genetic factors contribute to the regulation of the serum concentration of ldl cholesterol (9), the interactions between ILF3 and other genes related to ldl cholesterol -------------------------------------------------- tic variants and lipid profiles may play crucial roles in the development of MI. Stratification of subjects based on lipid profiles may thus be useful in order to achieve personalized prevention of Mi with the use of genetic information. Validation of our findings will require their replication with independent subject panels of other ethnic groups. ------------------------------------------------------------------------------------------------------------- 
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